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REMARKS 

Entry of the foregoing, reexamination and further favorable reconsideration of the 
subject application in light of the following remarks, pursuant to and consistent with 37 
C.F.R. Section 1.1 12, , are respectfully requested. 

By the present amendment, the specification has been amended to insert the specific 
section headings. Claim 3 1 has been amended to reflect that the polypeptide is purified and 
hence is not a natural polypeptide. Support for this amendment appears at least at page 29 of 
the specification as filed. Claim 38 has been added. Support for new claim 38 appears at 
least on page 14 of the specification. Applicants submit that no new matter has been added 
via this amendment. 

Claims 31, 32 and 35-37 have been rejected under 35 U.S.C. § 112, first paragraph, as 
lacking enablement. For the following reasons, this rejection is respectfully traversed. 

Applicants submit that the specification on at least pages 30 and 3 1 provides some 
guidance on how the T and B epitopes were recognized and that a person skilled in the art 
could easily identify B and T cell epitopes using known detailed procedures which were 
available prior to the filing of the present application. Thus, the Examiner's assertion that the 
specification does not specifically define the T epitope and B epitope is not correct. 

Furthermore, although a "cook book" method for identifying T and B epitopes is not 

present in the specification, detailed procedures of how to identify T and B cell epitopes were 

well known in the art prior to the filing of the present application as evidenced by enclosed 

Annexes I, II and also Longono et al. of record. Thus, Applicants submit that it was not 

necessary to provide in detail in the specification that which was well known in the art. This 

fact is supported by the Federal Circuit in, for instance, S3 Inc. v. VIDIA Corp., 259 F.3d 

1364, 1371, 59 USPQ2d 1745 (Fed. Cir. 2001) where the court stated: 

The law is clear that patent documents need not include subject matter that 
is known in the field of the invention and is in the prior art, for patents are 
written for persons experienced in the field of the invention. 

Furthermore, the legal issue which needs to be addressed with respect to this 
enablement rejection is whether the skilled artisan can practice Claims 31, 32 and 35-37 of 
record without undue experimentation. The legal criteria for evaluating the undue 
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experimentation issue are set forth in In re Wands, 858 F.2d 731, 8 USPQ2d 1400 
(Fed. Cir. 1988) and are the following: 

(1) the state of the prior art; 

(2) the relative skill of those in the art: 

(3) the nature of the invention; 

(4) the predictability or unpredictability of the art. 

(5) the amount of direction or guidance presented; 

(6) the presence or absence of working examples; 

(7) the quantity of experimentation necessary; and 

(8) the breadth of the claims. 

It should be said that the state of the prior art with respect to the identification of 
B cell epitopes and T cell epitopes was well known. The identification of B epitopes and 
T epitopes was common practice at the time of the filing of the present invention as 
evidenced by the enclosed Annex I, which is an Immunology text book and enclosed 
Annex II, which are some articles which were available on this topic prior to the priority date 
of the present invention. Moreover, the specification at least on pages 30 and 31 provides a 
procedure in which the Applicants have identified the T and B epitopes. 

It cannot be denied that the level of skill in the art with respect to the fields of 
Immunology, malaria and vaccine compositions to treat malaria was very high. This is 
evidenced by the prior art in this field at the time of filing of the present invention. 

Identifying a purified polypeptide having a T or a B epitope or a vaccine composition 
containing same was not an unpredictable art, since the basic tools were available and in prior 
use. 

The present specification provides an abundance of guidance and working examples 
on how to obtain purified polypeptides having B or T epitopes. Starting at least on page 25 in 
the specification is a detailed description on how to construct a genomic library from 
P. falciparum, how to immunologically screen the bank, how to select recombinant clones, 
how to complementary screen the subpopulation of clones, how to measure the size of the 
native protein of the LSA in the parasite, electron microscopy for confirmation of where the 
LSA is distributed in the hepatic schizonts and the immunological responses obtained in 
order to specify the biological function of the LSA protein. 
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Furthermore, the immunization of mice, the study of lymphocytes on subjects 
exposed to malaria, the identification of the T epitopes and B epitopes, as well as the 
identification of specific amino acid sequences containing these epitopes are also described in 
detail in the specification. 

Although the breath of the claims are not limited. Applicants submit that the person 
skilled in the art can easily obtain other purified polypeptides having B or T epitopes from 
other Plasmodium falciparums by following the specification and the experimentation would 
only be routine and not undue. 

Therefore, when evaluating undue experimentation according to the legal criteria in 
In re Wands, supra. Applicants submit that the specification, as well as the knowledge of 
those skilled in the art, provides enough guidance to obtain the T epitopes and B epitopes, as 
well as a vaccine composition containing same as set forth in the claims. 

Therefore, in view of the above, withdrawal of this rejection is respectfully requested. 

Claims 31, 35 and 36 have been rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 1-3 of U.S. patent No. 
6,319,502. 

Applicants request that this rejection be held in abeyance until there is allowable 
subject matter. At that time. Applicants will file a Terminal disclaimer. 

Claims 31, 35 and 36 have been rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over claims 1-6 of U.S. Patent 
No. 5,690,941. For the following reasons, this rejection is respectfully traversed. 

U.S. Patent No. 5,690,941 relates to SALSA, which is a Sporozoite And Liver Stage 
Antigen, which contains T cell epitopes. Since this antigen is present at both sporozoite and 
liver stages, it cannot be considered as a liver stage specific antigen, as currently claimed in 
the present invention. 

Further studies conducted by some of the inventors in order to verify the 
immunogenicity of P, falciparum pre-erythocyte antigens such as SALSA and LSAl 
confirmed that LSAl is really a liver specific antigen, while the SALSA antigen is not. Thus, 
for example, the publication submitted as Annex III of Perlaza et al.. Infection and Immunity, 
p. 3423-3428 (July 1998) at the sentence bridging pages 3425-3426, stated the following: 
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The serum of Aotus monkey M21, immunized with LSAl peptides, 
reacted specifically with liver schizonts but, as expected, not with 
other parasitic stages, thus confirming the strict liver stage 
expression of this molecule. 

In conclusion the rejected claims clearly recite that the T epitope is from the liver- 
stage specific protein produced by P. falciparumn, which cannot be obvious in view of a 
protein present at both sporozoite and liver stages; i.e.. the SALSA protein. 

Therefore, in view of the above, withdrawal of this rejection is respectfully requested. 

Claims 31, 35 and 36 have been rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over Claims 1-3 and 7 of U.S. 
Patent No. 5,599,542. For the following reasons, this rejection is respectfully traversed. 

U.S. Patent No, 5,599,542 discloses a purified polypeptide comprising an amino acid 
sequence which is the repeat sequence of 17 amino acids derived from the liver stage, which 
is rich in glutamine, glutamic acid and leucine. This same sequence is described in the 
present invention, but is not claimed. There is no suggestion in this patent that this sequence 
contains B or T epitopes. Nor does the sequence in U.S. Patent No. 5,599,542 contain B or T 
epitopes. 

This is evidenced by the present patent specification at page 30 where it is explicitly 
stated that the T epitope for man and mouse is not defined by the repetitive part of the LSA. 

Therefore Claims 31, 35 and 36 cannot be obvious in view of Claims 1-3 and 7 of 
U.S. Patent No. 5,599,542. 

Claims 31, 35 and 36 have been rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over Claims 1-3 of U.S. patent 
No. 6,270,771. 

Applicants request that this rejection be held in abeyance until there is allowable 
subject matter. At that time, Applicants will file a Terminal Disclaimer 

Claims 31, 32 and 35 to 37 have been rejected under the judicially created doctrine of 
obviousness-type double patenting as being unpatentable over Claims 1-16 and 25 of co- 
pending Application No. 09/900,963. 
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Applicants request that this rejection be held in abeyance until there is allowable 
subject matter for either application. At that time, Applicants will file a Terminal Disclaimer. 

Claims 31, 32 and 35 have been rejected under 35 U.S.C. § 101 as being directed to 
non-statutory subject matter. These claims have been amended to recite "purified" which 
should render this rejection now moot. Accordingly, withdrawal of the rejection is 
respectfully requested. 

Claims 31, 35 and 36 have been rejected under 35 U.S.C. § 102 (b) as being 
anticipated by or in the alternative under 35 U.S.C. § 103(a) as obvious over Londono et al. 
1990 {J. Immunol. 145/5:1557-1563 (Abstract only) or Guerin-Marchand et aL 1987 {Nature, 
329/6135:164-167). For the following reasons, however, this rejection is respectfully 
traversed. 

Londono et al. describe two hybrid synthetic peptides, a di-component hybrid and a 
tri-component hybrid derived from two Plasmodium falciparum pre-erythrocyte antigens. 
More specifically, the di-component hybrid construct contained a circumsporzoite T cell 
epitope and an LSA repeat sequence, while the tri-component hybrid contained an additional 
sequence placed on the N-terminal of the di-component hybrid of a circumsporozoite repeat 
tetrapeptide of NPNA. 

Londono et al. fail to disclose a purified polypeptide comprising at least one T epitope 

from a liver-stage specific protein produced by P. falciparum. Rather this reference describes 

a T cell epitope from the circumsporozoite stage, which is the initial stage of development of 

the parasite in man and corresponds to the sporozoite form introduced into the blood of the 

host by bites by insects that carry the parasite. This fact is clear from Londono et al. at 

page 1557, second column, first full paragraph where it is stated: 

In this context, the design of multivalent vaccines combining 
molecules of both sporozoite and liver stage sequences may 
constitute a logical complementary approach. 

See also page 1 of the specification as filed and the Abstract of Lonodo et aL where it 
is stated that the hybrids contain a circumsporozoite T cell epitope. 

Therefore, the Lonodo et al fail to teach, either expressly or inherently, the presently 
claimed invention. 



80853_1.DOC 



Attorney's Docket No. 010830-1 16 
Application No. 09/837,344 
Page 1 1 



Guerin-Marchand et al. disclose a liver-stage specific antigen characterized by gene 
cloning. More specifically a clone DG307 contained 196 base pairs composed entirely of a 
5 1-bp repeat sequence. A synthetic peptide having part of the repeat sequence: 
EQQSDLEQERLAKEKLQ was synthesized and its immunogenicity was examined. It was 
concluded that this 17 amino acid repeat carries at least one epitope corresponding to an 
antibody in human sera. 

Guerin-Marchand et al. fail to disclose a purified polypeptide comprising at least one 
epitope from a liver-stage. protein produced by P. falciparum or additionally containing a B 
epitope. Neither T nor B epitopes are present on the antigens described in this reference. 
This should be clear from the present specification which states at least on page 30 that: "a T 
epitope for man and mouse is not defined by the repetitive part of the LSA molecule." 

Therefore, Applicants submit that Guerin-Marchand et al. do not teach, either 
expressly or inherently, the claimed invention. 

As far as the obviousness portion of the rejection is concerned, Londono et al. 

specifically describe at page 1558, first column, the following: 

Previous studies using mice and synthetic as well as recombinant 
peptides showed that the LSA structure was unable to prime or 
boost either specific antibody responses in vivo or T cell 
proliferation in vitro. 

Thus, this teaching would lead a skilled artisan away from seeking a T epitope in the LSA 
structure. It is well settled in the case law that references that teach away from the present 
invention cannot serve as a basis for establishing a prima facie case of obviousness. 
McGinley v. Franklin Sports, Inc. 262 F.3d 1339, 60 U.S.P.Q.2d 1001 (Fed. Cir. 2001). 

Therefore, Applicants submit that the presently claimed invention is unobvious in 
view of Londono et al. 

Guerin-Marchand et al, disclose liver stage-specific antigens of P. falciparum which 
were characterized by gene cloning. This reference only described a repeated sequence, 
which, as set forth above, does not contain T epitopes nor B epitopes. Furthermore, Guerin- 
Marchand et al. do not provide any guidance of how to obtain antigens with B and T epitopes 
nor provide any suggestion of the possibility that antigens having B and T epitopes are 
contained within the LSA structure. 
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V. Cadus Pharmaceutical Corp., 55 U.S.P.Q.2d 
1927 (Fed. Cir. 2000): 

To establish a prima facie case of obviousness, 'the prior art 
reference (or references when combined) must teach or suggest all 
the claim limitations MPEP § 2142. 

Since Guerin-Marchand is silent with respect to obtaining purified polypeptides that 
comprise at least one T epitope from a liver-stage specific protein produced by P. falciparum. 
Applicants submit that this obviousness rejection cannot be maintained. 

Thus, in view of the above, withdrawal of this rejection is respectfully requested. 

In view of the foregoing, further and favorable action in the form of a Notice of 
Allowance is respectfully requested and such action is earnestly solicited 

In the event that there are any questions relating to this application, it would be 
appreciated if the Examiner would telephone the undersigned attorney concerning such 
questions so that prosecution of this application may be expedited. 

Respectfully submitted, 

Burns, Doane, Swecker & Mathis, l.l.p. 




As stated in Sibia Neurosciences Inc. 



Date: March 12. 2004 




usan M. Dadio 
' Registration No. 40,373 



P.O. Box 1404 

Alexandria, Virginia 22313-1404 
(703) 836-6620 
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IdimanologY 



MARKERS 

Lymphocytes and other ieucocytes express a large num- 
ber of different moJccules on their surfaces. Some of 
these appear at particular stages of cell differentiation or 
activation for short periods, while others are character- 
istic of different eel] lineages. Such molecules which can 
be used to distinguish ceiJ popiilaiions are called mar- 
kers, and many of them can be identified by specific 
monoclonal anribodies. Recently a systematic nomen- 
clature has been developed for these cell surface 
molecules - the CD system, in which the markers are 
numbered CDl, CD2, etc. The term CD (cluster designa- 
tion) was derived by computer analysis of monoclonal 
antibodies raised in different laboratories worldwide 
against human leucocyte antigens. An international 
workshop determined their patterns of staining on 
leucocytes and the weights of the molecules precipitated 
by the antibodies. Monoclonal antibodies with similar 
specificity characteristics were grouped together and 
given a CD number. This number is now also used to 
indicate the specific molecule tecogni2ied by a group of 
monoclonal antibodies (see Fig. 2.11). In many cases the 
functions of the molecules are known, for example the 
marker CD35 is a complement C3b receptor ICEUI. 

Markers may be demonstrated using fluorescent anii- 
b '^jGfi as probes. In this case the surface markers act as 
aj-.gens (Fig. 2.7). Hybridoma technology for making 
these antibodies, together with flow cytometry techni- 
ques, v^^ch allows enumeration and the separation of 
:ells on the basis ot their size and fluorescence intensity 
;see Chapter 251 has re^'olutionized studies on the func- 
:ional activirie.? of lymphoid cell populations. 

r CELLS 

3ne of tlie first ways of distinguishing human T cells 
rom B cells was by their ability to bind to Sheep eiythro- 
:yies which is through the CD2 molecule (Fig. 2.8). 
iowevcr the definitive T cell market is the T cell antigen 




], 2.7 Immunoftuorescent method for the 
tnonstratlon of T cell markers. Mouse aoiibod>es 
ected towards T cell subset-specific antigen on a 
lotoxic or suppressor T cell (Tc/s ) will bind to this antigen but 
t to the T cefl-speciftc antigen connmon to the T-helperfTH| 
3Sei. The bound antibody is detected using antibodies to " 
tuse immunoglobulin coupled toa fluorescent molecule. 




Ftg. 2.8 Typical marker of human T cells. Human T cells 
from blood and tissues have the fortuitous property of binding 
10 sheep erythrocytes (SE). Following their centrifugal ion 
together, T cells are distinguishable by their ability to form 
roscnes with SE. The nucleated cells are distinguished from 
the SE tiy green fluorescent staining of the nuclei and . 
cytoplasm with acridine orange. The Tormetion of rosettes 
with SE by T cells also provides a means for the physical 
separation of T from non-T cells (see Chapter 2 5). 



receptor (TCR). There are presently two defined types of 
TCR; TCR-2 is a heterodimer of 2 disulphide-linked 
polypeptides (a and pi, TCR-1 is structurally similar but 
consists of Y and 6 polypeptides. Both receptors are 
associated with a complex of polypeptides makmg up the 
CD3 complex (see Chapter 5). Thus a T cell is defined 
either by TCR-1 or TCR.2 which is associaied with CD3. 

Approximately 95% of blood T cells express TCR-2 and 
up to 5% have TCR-l. The TCR-2 bearing cells can be 
subdivided further into Rvo distinct non-overlapping 
populations; the It* subset which is CD4^ and the lbs 
subset which is CDS". CD4' T cells recognize antigens in 
association with m^jor histocompa.tibilit>' complex 
(MWC) class 11 molecules (see Chapter 4), while CD8" 
T cells recognize antigens in association with MHC 
class I molecules. 

The CD4* set can be further divided ftjnctionally into: 

1. those cells which positively ijifluence the Immune re- 
sponse of T cells and B ceils - the helper cell function, 

' which are CDw29' 

2. cells inducing suppressor/cytotoxic functions in CD8* 
cells - the suppressor inducer function, which are 
tliemselvesCD4SR'. 

Other monoclonal ajitibodies and criteria have been 
used to subdivide the CD4- set. For example, all CD4- 
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and suppr«3<jr mHC f asmcted 

non-specific' 
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according to Their expression of the antigen receptors TCR-l 
orTCR.2 and expression of surface molecules CD4or C08 
These correspond wxh the functior^l caiegories of ceKs. 
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dtymocytes 
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Tcetts 
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specific for mouse (Thy-1 ) or rr^ouse equivalents. 

Rg.2.11 SummaryofthamamCO 
molecule.. This laWe shows someof 
The CD molecules characterized so far. 
The nnajority do not show absolute 
fineage specrficity. but some are more 
Imeage related than others. 
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immunology 



cells expressing natural killer (NK) cf;II markers produco 
the lymphoKine inierleukin-2 (IL-2|, and do noi prolifer- 
ate in response \jd antigens aiid mitogens. In fact, recent 
/>j vinxt studies on CD4* clones in mouse and man have 
defined twu separate populations (ThI and TUZ] based on 
the production of different lymphokines. 

CDS' T cells can also be subdivided by a number of 
criteria and a variety of monoclonaj antibodies into spec- 
ific functional subsets. For example cells which recog- 
nize antigen in association with MHC molecules and 
produce lL-2 (CD28') and cells which do not recognize 
antigen in association with MHC molecules or produce 
lL-2lCDlIb-I. 

CU3-/TCR-t" cells represent a minority of circulating T 
cells which are also CD4\ CDS". These cells home in tu 
surface epithelia such as the epidermis and mucosal 
epithelia and ace termed inira-epithelial lymphocytes 
(lELj. fn interstitial mucosal epithelium TCR-l* cells also 
express CDS. It is probable that these cells represent a 
primitive cytotoxic population operating ai the sites of 
entry of pathogens, Division of the TCft, CD4 and C08 
bearing cells into different functionaJ subsets is illus- 
trated in Figs 2.9 and 2.10. 

Thus far we have described ihe antigen-specific recep- 
tors and m*iriters allowing definition of T ceil subsets- 
~>€re are also a number of other surface molecules, 
_^pi-essed on all T cells (pan T. cell markers! which are 
also found on cells of other lineages. For example, as 
shown above, all T cells express receptors for sheep 
erythrocytes (CD2), This molecule together with the 
TCR/C03 complex and other membrane bound gly- 
coproteins is involved in activating T crUs when recog- 
nized by the appropriate ligand. COS is also found on 
about 50% of CD3- MK cells. COS molecules are express- 
ed on aJIT ceils, and also on a subpopulation of B cells 
wliich are involved in autoantibody production. CD? 
is seen on aJJ third population cells, and this molecule 
may be the receptor for tlie Fc portion of IgM. A 
summary of the more important CD markers is given in 
Pig. 2.11. which includes those seen on T cells and those 
present on other haemopoietic cells. 

Murine T cells express maricers similar to those de- 
tected on human T cells (see ng. 2.101. In addition, all 
murine T cells carry a molecule, Thy-l .or 6. vvith a 
molecular weight of 19 3v=i kD. With regard lo suppres- 
sor cells in the mouse, a small proportiop of T cells carry 
] i^t'lecules. the expression of which is controlled by 
^^^es in the MHC (see Chapter 10 1. The binding of the , 
lectin Vicia viUosA might also mark a population in man 
and mouse which is involved in 'conctasuppression'. 

B CELLS 

B lymphocytes represent about 5-15% of the circulating 
lymphoid pool and are classically defined by the pre- 
sence of endogenously produced immujioglohuUns 
(antibody). These molecules are inserted inio the surface . 
membrane where they act as spcolGc antigen receptors. 
They are detected on the surface of mature cells by stain- 
ing cell suspensions with fluorochrome-labelled specific 
antibodies to the appropriate immunoglobulin of the 
species under investigaiion. Staining of cells in the cold • 
results in the detection of the tluorKscence with a 'ring- 
like' (or patcliyl appearance over the cell IFig. 2.12J. 

The majority of human peripheral blood B Ivinphocyies 
express both surface IgM and IgD molecules, which 
>hAre Che same specificity on the same cell. Very few 

2,6 




Fig. 2.12 B cells stained for surface immunoglobulin. 

Human blood B ceils stained in the cold with fluoresce) natod 
anli-human immunoglobulin show a patchy surface 
fluorescence viewed under uliravloleT light (right). Under 
phase conirasT light microscopy "eft) li can be seen that only 2 
OUT of the 6 cells in this field arc S lymphocytes. The lower cell 
show/s capping' of the fluorescent antibody. 



Hoof«sceoi 




Fig. 2.13 VisuaHzatlon of antibody bound to B cefls and 
non-B cells bylmmunofliJorescenGe. The surface antibody 
on the 6 cell is detected using a fluorescein anti-amtbody 
conjugate (left). This conjugate will also 'detecl' nor>-8 cells 
carrying receptors for the Fc pan of the antibody and which 
have antibody on their surface (right). 



celjs express surface IgG, IgA or JgE in the circulation 
although these are present in larger numbers in specific 
locarlons in the body, for example, IgA-bearing cells in 
the intestinal mucosa. Since other cells, in addition to B 
cells also carry surface receptors which non-specifically 
bind to antibodit^, care shouJd be taken in evaluating the 
numb<*r of B cells when using antl- immunoglobulin rea- 
gents. Antibodies bound to these receptors (Fc recep- 
tors) can also stain with Quorcsceinatcd anti -human im- 
munoglobulin (Fig. 2.13). 
Divalent antibodies will cross-link antigens on surface 
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Fig.2.14 Summary ofthe surface markers on mouse and 
human peripheral B ceUa. Equivalent molecules are in the 
same colour. 



membrane glycoproteins and be seen as 'patches' of 
cross-linked antigerwandbody complexes on the cell 
surface. Most of these complexes are acUVefy swept 
along the ceU surface and are seen as a 'cap' over one 
pole of the cell (see Fig. 2.12, eight). This phenomenon is 
not peculiar to Immunogtobulin on 6 cells but may also 
be seen with surface ^rlycoproteins on other cell types 
wiien muItivaJent aniibodies are atuu^hed to them. 

A nuiTiber of other markers are carried by both mouse 
and human B cells but not by resting T cells (Hg 2 14) 
B ceils are defined as those cells carrying endogenousKr 
produced immunoglobulins. The majority of B cells 
carry MHC class U antigens which are important in 
cooperation xvith T cells. These are I-W/l-E in the mouse 
aiid HLA-DP, DQ and DR antigens in man. Complement 
teccpiurs for C3b (CRl, CD35) and C3d (CR2, CD21I are 
commonly found on U cells and are associaied with 
iict) vation and possibly homing of the cells- In ihi s regard 
|he CR2 molncule ts also the receptor for the Epstein- 
13arr virus |EBV) which on entry leads to Uie activation of 
the B ceU. Fc receptors for 1^ (FcRn, CDw32) are also 
present. CDW, CD20 and €022 are the main markers 
currently used to identify human B ceUs. A marker origi- 
nally found only on T ceils (Lyl, CD5) has now b^n 
shown 10 be present on sonne B cells and identify a Sub- 
set wtuch is predisposed to autoantibody production 
Some human B cells bind to mouse erythrocytes. The 
mouse erythrocyte rosette (MK-R). together wiih CD5 
probably identifies an immature B cell population and 
both markers have been usefW in the diagnosis of human 
lyrnphoprolifetative disorders. LybSfTgOOl Is a mouse 
alloanclgen found on all B cells . 

THIRD POPULATION CELLS 

Third population cells (TPCsl have already beeii defined 
y oT'X. '^^^ granular lymphocytes (sec Fig. 

^-^}. iiCs po55C5!s larger numbers of electron-dense 
granules than granular T cells. They account for up to 




C02* 
C07 
CDS' 

{270 (CD) 
Leu7-[110)cD) 



minoritv of T ccfe, gianulocy tcs> 
some macrophages 



flranutocvies. monoeyres. some T cells 

acTf./ai«d T ceDi, plasrna cells. 
^^«rTtop^ltC precursors 

SBTceils 

allTcdU 

some T cells 
someTceils 

some T eels 



IL-2R 0 chain. p70) acti*/ai«d T cells 
•&|)f«es«d onl 0-B0% ar TPCs onfv. 

Rg.2-15 Surface marlcers of human TPCs. 




some T cefjj, granuJocyrea 
!K>rn« mofKHT^eR/macroohaae* 

CASICOI lb. tAf^tt granulocviej. irwrKwytes 
!rt «i »fT>c hui not all niu»*>e TTCs. 



Bg.2.16 Surfaoe matters of mouse IPCs. 

20% of blood lymphocytes and can be negatively defined 
as cells lacking conventional surface antigen receptors, 
mat IS, TCR or immunoglobulin. Most surface antigens 
detectable on TPCs by monoclonal antibodies ^ shared 
With T cells or cells of the myelornonocytic series. The 
major marfiers of human TPCs and Uieir shared specifi- 
cities are s^iown in Fig. 2.15. A reagent commonly used 
to Identify IPCs in purified lymphocyte populations is 
the monocbnal antibody to CD16 (Fc,R ITI Fc Jtlol This 
J5 also expressed by a sn^all pttjportion ot T cells, by 
granulocytes and by some macrophages. Resting TP('s 
also exprttef the a chain of the lL-2 receptor, an in- 
termediate affinity receptor of 70 kD. Therefore, direct • 
sUmiUatJon widi XL.2 results in activation of TPCs. The 
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r 1: J Immunol. 1987 Apr l;!3»(7):22l3-29. 



RetetBd ArtJdc! 



Prediction of immuixodommant helper T cell antigenic sites from th* 
primary sequence. 

Mar^aUt Sponge JL, Cornettc JL, Cease KB, DeHsi C> Berioftky M. 

We have used a data base of 23 known immunodominant helper T cell antigenic sites 
located on 12 pioteins to systematically develop an optimized algorithm ^<>r Prediciing 
antigenic siles'lbe algoriihm is based on the amphipaAic helix 
siies are postulated to be helices ^vith one face predominantly polar and the opposite & 
predominantly apolar. Such amphlpathic structures can fotrn when the PO^'Y^.f 
Song the sequence varies with a more or less regular penod. Hence they can be identtf 
by methods (so called power spectrom procedures) ihat detect periodic vanaiioM m 
properties of a sequence. The choice of power spectrum procedure, hydropbobicity sea 
and model parameters are examined. An algorithm is tested by comparing the predictet 
amphipalhic segments with the locations of the Icnown T cell sites, counting the mimbe 
matches, and calculating *e prohabiliry of getting this number by chance alone. The 
opthnum algoridm, which predicts die largest number of sites with the lowest chance 
probability, uses the Fauchere-Pliaka hydrophobicity scale and a least squads fit of a 
sinusoid as its power spectrum procedure. By applymg this algorithm, 1 8 of the 23 taio 
sites are identified (75% sensitivity) with a hi^ degree of significance (p less than O.Ot 
The success of the algorithm supports die hypothesis that stable amphipathic helices ii 
fundamentally important in determining imrounodominance. This approach may be of 
practical vahie in designing synthetic vaccines aimed at T cell immunity. 
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r 1: Annu Revlmnwnol 1987;5:477-501. 

TtJ Annual"': 
The structure of T-cell epitopes. 
Livingstone AM, Fathmtn CC, 

We have reviewed here studies using synthetic peptides to analyze some of the propert: 
T-ceil epitopes. Several general conclusions can be drawn. First T-cell epitopes can us 
-i» defined by Imear sequences of about seven amino acids. However, the observation t 
increasing peptide length often results in increased antigenic potency has suggested tha 
antigenicity may crucially depend upon the ability of peptides to adopt appropriate 
secondary stmctures. Two models for the prediction of T-cell epitopes on the basis of 
primary secjuence data alone were discussed. Biophysical studies on the association of 
peptides with la molecules have shown that antigenic peptides bind directly to la; the 
evidence suggests thai a binary association between la and peptide occurs in the absen< 
specific T-ce!ls. Finally, a hypothesis to explain the observation that B-cells and T-cell 
generally r^cognixe distina epitopes on muUideierminant antigens has been examined. 

Publication Types: 
♦ Review 
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Related ArticlcJ 
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Strong conformational propensities enhance T ceU antigenicity. 

Sp<«ige JL, Goy HK, Cornette JL, Mftrgalit H, Cease Beixofsky JA, DeLUi C 

Hie abiUiy to predict T ceU antigeaic pepiides would have importont impUcations for a 
development of artificial vacciBes. As a first step towards predicuon this report uses a 
statistical technioue to dificover and evaluate peptide properties correlating with T cell 
antigenicity. This technique employs Monte Carlo computer experunents and .s applia 
to many ptt^Wems involving p«>tein or DNA. Itie techniqiie is used to ^*J«a»«J*^. 
contribirtion of various peptide propertie* to helper T cell anugeniciiy. The properties 
investigated include amphipathiciries (alpha and beta), confotm^onal P^^P^^it-es U^l 
beta, t.^ and coil), and the correlates of al^-belices, »uch as the absence of heliy-brc 
a^dtheposirioning of the residues which stabiUze alpha-helical dipoles, 
- segmental amphipathicity . (A peptide has this property when U conums J^^^^ di 
subpeptides, one hydrophobic, one hydrophilk.) Stansticalcoirclations and ^maifi^ti 
assessed independent contributions to T cell antigenicity. The findmgs presented here I 
important impUcations for the mano&cture of peptide vaccines. These miphcaoons are 
follows- if possible, peptide vaccines should probably be those protem segmcnte which 
a propensity to form amphipathic alpha-heUces, which do not have regions with a prop 
to coil conformations, and which have a lysine at their COOH-terminus The last two 
observations are of particular use in manufactiiring peptides vaccines: they indicate wh 
the synthetic peptides should be terminated. These implications are supported by the 
findings given bebw. The significances (p values) support the foUowing statistical 
generaliics about antigenic conformations: most helper T cell anrigemc sites are amptu 
alpha-helices; alpha-helical amphipathicity and propensity to an alpha-heli^l conform 
contribute independently to T cell antigenicity; there is evidence that some T cell antlg 
sites are beta conformations instead of alpha-helices; T cell antigenic sites avoid randoi 
coUed confonnarions; and T cell antigenic sites are usually not segmental^ amphipath: 
alpha-Helical amphipatiiiciQf was significant, but segmental amphipathicity was not T 
has implications for the dimensions of the structure interacting with the hydrophobic pc 
of an amphipathic T cell antigenic site. Lysines are unusually frequent at COOH- 
terminal of T cell antigenic shes, even after accounting for iryptic digests. TIjese lysine 
stabilize alpha-helical peptides by a favorable interaction with alpha-helical dipoles. 
(ABSTRACT TRUNCATED AT 400 WOKDS) 
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r 1: Vaccine. 1990 Feb;R(l):35^. Related Artctei 

Polyvalent synthetic vaccines: relationship between T epitopes and 
immunogenicity. 

Jolivet M, Lise L, Gras-Masse Tattar A, Aadibert F, Chedid L. 

Dq)aTtment of Immunology and Microbiology, Universily of South Florida College of 
Medicine, Tampa 33612-4799. 

Three different synthetic polyvalent vaccines have been constructed by conjugating foi 
synthetic peptides without any cairiBr protem. The peptides were copy fragments of tw 
bacterial aniigenfl (Streptococcus pyogenes M protein and diphtheria toxin), two paras i 
antigens (circumsporozoite protein of Plasmodhim falciparum and Plasmodium kDowI< 
and one viral aniigw (hepatitis B surface antigen). Outbred guinea-pigs immunized wr 
polyvalent vaccine containing streptococcal, diphtheric, P. knowlesi and hepatitis pepti 
mised high specific antibody response against the four specificities. Individual T cell 
analysis demonstrated that hepatitis peptide beats T dominant epitope. A similar immu 
response was obtained widi a second polyvalent vaccine where die P. knowlesi peptide 
been teplaced by the P. ^Icipanim peptide. In both experiments the malarial peptides 
'"behave like pure B epitopes. Prediction of immunodominant helper T'cell antigenic sit 
were performed with the five peptides using computer algorithm. Hepatitis and diphibe 
peptides were selected whereas die streptococcal peptide was rejected although it can 
experlmeatally contain a T epitope. To confirm this result animfth were immunized wi' 
third polyvalent vaccine which does not contain the hepatitis peptide. No T cell prolife: 
or antip^tide antibodies were detected. These results demonstrate that the cooperative 
immune response requires a certain degree of antigenic complexity for the induction ol 
antibody response. 
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Prediction und identifieation of bacterial and parasitic T-cell antigei 
and determinants. 

Rotbbard JB, Ltmb JR. 

Molecular Immunology Laboratory, Imperial Cancer Research Fund, London, UK. 
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r 1: Behfinglnst Mitt. 1991 Feb;(«8): 133-41. R.bT.d Article. 

Cloning of microbial epitopes relevant for T- and B-cells. 
MUesMA^WiUaceGR. 

-IJepartment of Medical Parasitology, London School of Hygiene aad Tropical Medicin 
UJC. 

This review summarijes, and illustrates, the technology that is available for the molecu 
cloning and precise identification of T-cell and B-ccU epitopes, particuUrty those of ba 
and parasites. Methods iochide: selective cloning following subtraciive hybridization o 
nucleic acids; selective screening of expression libfrarics; analysis of subcloned "epitop 
libraries" or "deletion constructs"; scanning of multiple synthetic peptides, and comput 
enhanced prediction. The direct sequencing of polymerase chain reaction products alio 
the rapid analysis of epitope heterogenehy occurring among natural populations. Multi 
epitopes can be assembled either by synthesis or by the expression of polymeric epitop 
bearing peptides. Prospects for probing expression libraries with T-ocUs are bleak due i 
complexities of antigen processing, presentation and T-cell recognition in vitro. Elucid. 
of the enzymic steps involved in processing* resohition of peptide/MHC n co-crystals, 
pairing of a large number of known epitopes with their functional restriction elements ^ 
significantly improve the ability to predict T-cell epitopes. 
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kDa shock protein in the model of adiuvam wArillt t^. ^ ^ V '"y™''**"*! < 
and eonv«n,io„,l «,Ud-pl«,s. syn4« s^L^^^«i?" w« done by „ol*cuI„ cloni 
•such a T cdl epi«T« n.d te faift^T^ife, ^ ^ ** delineation < 
«pid «Ki effiIm^„„e^by^odffi!^^ ^ accompfohed in a much m. 
for *e li« Ane fta. septal hoo^s ofrjL^ ""S^* 

comaining a single amino acid ZSn st^CTJf^^'** '^'""^ 
replacement (GIu— ASD) the reonii^™.™ fiT*^ • °"* «">s«rrative 

W.5 absolute Kri^rSL^ for ftenaove resid-e at aU positions in pepr 

deWonaud i««rttS„^d« ^J^d^cS'^^ 

residue, in a n,inin,al Zu,^ ^^^ t of tadifferen. or spa 

T cell epitopes. science, as obsen^ by athen. is not a genetal feat 

PMID: 24<5904 [PubMed - indexed forMEDLINS] 
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r 1: JExpMed. 1991 Nov t;l 74(5); 1059-71. Related Aiticiet 

On the nature of peptides involved in T cell alloreacthity. 
Rotzschke O, Falk K, Faath Ram meosee HG. 

Max-Planck-Institutftr Biologic, Abteilung Immungenetik, Tubingen. Germany. 

The ^ag reaction of T cells against foreign major faistooompatibilily complex (MHC 
antigens, commonly termed "alloreactivify", is not only a nuisance for clinical organ 
transplantation; it also remains a puzzling question for immunologists. By making use < 
recent technical developments, alloreactive T cells nominally directed against a mutatit 
a single MHC class I molecule were found to fall into several major categories. One ts 
recognizing peptides whose occuirence is dependent on one particular MHC allele, anc 
is recognizing peptides supported by several MHC alleles, and a third is recogniring 
peptides occurring independently of MHC alleles. In a fourth category, the bfaiding to t 
of any of a broad range of p^tides appeal? sufficient In addition, there are T cells for 
which no peptide involvement could be <letecicd at all. Even within these categories, th 
heterogeneity of T cells is considerable: among 16 Kb-reactive T cells analyzed. 15 dif 
modes of reactions were found. 

PMID; 1940788 [PubMed - indexed for MEDLINE] 
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Reletad ArtfclftE 



^ £xact prediction of a natural t cell epitope. 

Kotzschke 0» Falk K, Stevan&vfc S, Jung G, Waldea P, Rammensee HG. 

Max-Plftnck-Institut for Biologic, Abtciltmg Immunogenetik, Tubingen, FRG. 

T lymphocytes reco^ize their aatigen as peptides associated wiih major histocompatlt 
complex (MHC) molecules. Peptides aaturally presented by MHC class I molecules an 
uniform in length and have a specific motif; both defined by the respective MHC allele 
(Falk, K. et al. Nature 1991. 351 :290). These allele-specific motifi should allow exact 
prediction of natnral T cell epitopes. H-2Kb-restricted epitopes, for example, have a le] 
of eight amino acid residues and conserved anchor residues at positions 5 and 8. Accor 
to this infonnation, we predicted the natural Kb-restricted epitope of ovalbumin, thoug! 
be contained in the 1 9-mer UNFEKLTEWTSSNVMEER, to be SHNFEKL. Here we si 
that this prediction is correct Thus, exact prediction of natural T cell epitopes is possib 

PMID: 1 71 8764 [PubMed - indexed for MEDLINE] 
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iNFECnOW AND lMML>TTT. J«Iv i9f>8. p. 3U23-342R Vol. (W. Ko. 7 

00l?-!>5^/9»«O4.On + O 

Copjrifht € American Sociciyfor Mlttobiolc^. All Rights RcKrved. 

Immunogenicity of Four Plasmodium falciparum Preerythrocytic 
Antigens in Actus lemurinus Monkeys 

BLANCA LILIANA PERLAZA,*t MYRIAM AREVALO-HERRERA,* KARIMA BRAHJMI,^ 
GUSTAVO OXJINTERO.* JULIO CESAR PALOMINO.' HELENE GRAS-\IASSE.' 

ANDRE TARTAR.^ PIERR£ DRUILHE.^* A^D SOCRATES HERRERA' 
Instauto 4< Inmunohsia, Uniivrjuiad del Valk, AA ZifSH Cali, Cohmtna,^ and Bw-Medical 
Parusirology LabomtOiy. Fasteur JnsntuXf. Pamr and Pasteur Instiruie, Liitt? France 

Received 6 October W^/Rctumed for modificution 25 November 1997/A«cepre(J 20 April 1998 

Aottis Umurinuf monkcjx were InununlZMl with pckots of elditr lipid-tailed peptides l^)«aed in PBS or pep- 
ildts In Mooioniik ISA-SV&U derived from fma Plasma£tan falciparum yn-nyOuocytic wtigiaas^ namely, LSAl, 
LSA3, SALSA, and STARP. Tbese rormulatioDs were wdl tolerated. Their Immanogenidiy was demonstnted 
by the iodactmi of both B- and T-ceU responses to mort the pepddex studied (of the 12, 10 induced anabo4r 
prodociion, 9 indocsd T<eU proliferative responses, and alM2 indoced gamma interfieron secretion). Inunnne 
responses proved to he long U$ihig, since some \nn sdU detectable 210 dajf after hnmnnizatjon.. Of particular 
imponanee is the fact thai B- and T-cell responses elicited tai this wa>^ by synthetic peptide! wcrt sp«dAc for 
natire parasite proteins on P. fitkifamm sporozoltes and ti^er stage parasites. 



The possibility of developing malaria \'flocinc8 based on prc- 
eryihrocjtjc aotigeiis was fiist considered f&Do\»'ing the ohstx- 
vaiion that immimizauon with X^radl^nlon-attenuated sporo- 
zoites could induce protective immunity (17, 30). Howerver, 
more recent smdies carried out in parallel under in vivo and in 
vitro condiiiojis have shown in both humans and rodents that 
protection depends on the abilities of irtadiaied sporozoites lo 
penerraie hepatocyies and, further, to iransform into uninu- 
cleate liver uophoToites (l-a). The indication thai per^ncnt 
liver form parasites are requited to induce protection (14, 38, 
46) was oonfirm«d recently (34, 44). 

Based on this rationale, we have focused our recent work on 
the identificaiion and chaxacrerizaiion of liver stage antigens 
(24. 35). Four of them, namely. LSAl, LSA5. SALSA, and 
STARP, were recently characierired (4. 12a, 21, 22). The B- 
and T-cell antigenicity of several regions of these four mole- 
cules *as established byepidemiobpcal studies (3*, 4. 12a, 21. 
22), and the corresponding syniheiic peptides were produced 
to nudy their inimunogeniciiy. 

Taking into account, on the onA hand, the Icnown potential 
ofAoTUs lemujvtvs as a inodel for erythrocytic stages of Plas- 
modium falciparum malaria (fl ID) and, on the oiher hand, the 
susceptibility of monkeys in the fiamib' Cet^idat: to P. fiilcipamm 
liver stage development {11. 12, 13a, K i/i). the aim of the 
prcseai siudy wa j to gather preliminary indicBtbns about their 
capacity to develop an immune response to thc-y: anTlgens. 
compared to mice, chimpanzees, and humans bttoic embark* 
ing on $yRicmaiic studies involving larger numbers of monkeys. 

InuQunscation. Four A. Imiimnus ffiirimoTtbm monkeys (from 
northern Coloratoia) wiih kaiyoiype II or III vvere enrolled in 
iiiununiiation ejtpciimenis usiing 12 s>-ntheiic peptides derived 
from ilie above-described four pre-erjilirocytic-iiagc antigens, 
Together with one control. Each of ihe four animals was im- 
munized with one of the four molecules by using a mixture of 



" CoTTcspondiDg autho*. Mating address; LatMiruioiiu <1* PwHsi- 
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t Prejtiii addrcwi: t^bcroioirc dti Vvraiixoky^c Bio-MedicuLc. InMi- 
iin Piisrcur. 75724 Partt, Ccdex 15, France. 



peptides as described in Table 1, Immuiuzations were per- 
formed subcutaneously three times at iniervab of 20 days. The 
final volume per injection Nvas 5fH) p.1 coniBining 200 (ig of each 
peptide. Sk of the peptides v^ere Ijpid-tailed peptides coupled 
*ith a palmitic add at the carboxyl-terotinal end using a lysine 
residue as a linker, whidt. on the basis of previous good im- 
munogenicity results (3, 36X were ii^ecied in saliiw only, i.e., 
without an adjuvant. The remaining i:ix peptides (wiihom a 
lipidic component) were emulsified in Montanide I&A.51. All 
were produced by the stepwi!;e volid-phase rm-buioxycatbonyl 
techni<^ue (39) in a 430A automated peptide jymhosizer (Ap- 
plied Biosysiems, Foster aiy. Calif.) and checked for homo- 
gcneity by analytical reverse-phasc high-pressure liquid chro- 
matography and for id«niiiy by amino add analysis (3). 

Antibo4r production in response to peptide fanfflunixation- 
A high level of produaion of antibodies against 10 of the 12 
peptides tested was observed. Sera collected tomAotus mon- 
keys 15 and 2l0 days after the third immunisation were tested 
in pvallel by using srandard cnzyme^hnked immunosorbent 
assay (EI.ISA) procedures dcscnbed previoudy (6). except thai 
rabbit ztiXi-Cebidat monkey immunoglobulin G (IgG) (a gift of 
T, Fandeur, Insthui Pasieur de Guyane.. Cayenne, French Gni- 
ana), dihited 1/2,000, wan used as the second anubody and re- 
vealed by peroxidase-oonjugated anii-rabbit IgG fBiosys, Cora- 
piegne, France) at a dfluiion of i;4,0(H). 

As showQ in Table 2, detectable antibodies against peptides 
LSAl'NR, LSAl-TER, and LSAl-REP weit induced by the im- 
munization sdicme and, interestingly, found to increase there- 
after, despite the fact that no further boo!^g had been per- 
fontned. Only tSAl-J/Upo did not induce antibodies: ho*^evei, 
we obsers^ed in chimpanzees that the antibody response to thi^s 
peptide was one wWch varied the most from nnc animal to 
another (3a). Responses to both SALSa peptides, which do 
not share cioss-reactivc epitopes (4). were elicited, and that 
against S ALSA-2 was much stronger than that agninst SALSA- 
I. This is similar to what has been observed in immunized mice 
and diimpanzees, as wcD as in ex|X><;ed African humans (4), 
confirming that SALSA-2 contains a potent B^cell epitope(s). 
Antibody responses to both STARP-R and STARP- M, two re- 
lated peptides, were obtained: however, the response wis strik' 
Ingly stronger for STARP-M, which h a convergent conibina- 



3423 



-WZ- KOTtS 



INTECT. ImmUN. 



Table l. iBmaniznTioD vctwine'' 



fmiein (Aouts aiai\\xy) 



LSAl (M21) 


LSAl-J/Lipo 
LSAl-Nft 

LSAl-TER 


iJVt.|IJCIM.V 

EPJlAXEKVftKQQSDiLBORjyO-iCX :<( Ifamt -NHS* 
3TK!ari,fiMCKtHGr»ILfc2DL y GRL E I F 

WS RDS K2 IS 1 ; EKTIIRESITTtlVEGRRD I ttKGit2»a 


LSA3 (M23) 


LSA3.RE 


DELPTCLUWVDVNGEViCKMrLSESQ 
LBESQVlIDDlFNSLVKSycaEOQawv K(Pam)-NH2 
VESVAPSVEESVAPSVEESVAEMVEBSV 
LI^IBEPSENIIOMLLHM: XtPan)-!^!^ 


SALSA 
STAKP CMi8t 


SALSA-l/Upo 
SALSA-2 

STARP.R/Lipo 
STARP-MyMbtorype/Lipo 


SiBKXDEXEXSSQGBBSSKKEWSOESA X(?«q>-HH3 
M(3roj»VjiKKKTWEKi(i)i>®rrDXV^E3CVLBKS Pit 

STDWHMrkTlSTDHHNTJCTI XCP*BiJ-Na2 
STDNtmiKTISTDMNNTNTI *; (Pan) -NUa 
L---T-NriKft---S-XT-N 
D- -D-HX. D-T 


A(Jju>Til« (V63J 

•-•AiKiu tnmlCCVB were imn 


Moiutmide ISA-5i 





* ^qjTKte linlced TO p^ftnuic ecid (Pmi) vitt 3 lysine reri^it 



tonal library of peptides, or mixoiope, obtained in a single 
syntliesis by inirodudng degenerared sequences into the 10- 
amino-aad repeat region of ihe protein (sec Table 1). This 
result a m keeping with epidemwIogicaJ observations (31) and 
with previous studies using viral models in which the mixotope 
strategy was found to enhance immunogenjclty (Ifl, 23) The 
antibody responses lo SlARP peptides are also of inieicst 
because ,n vjno studies have indicated that they can signifi. 
cantlly reduce sporozoitc invajaon in human hepatocyies and 
h^??^'";^ ^l.V^^ ^ (wwcoion (20). Antibodies lo 
J^f, ii^* peptides. LSA3-Cri, LSA5 NR.n. and 

LiA3-RE. were produced, although ai lo* titers only These 
were nevertheless apecinc. since preimmunizaiion sera were 
negative even when tested at 1:20, as ^ere posrimmunizalion 
samples tested with the control antigens RESA and MSP3 
(40). Aiihough UtMs were low, they peisisted for a Ions time 
ue-. lip to 7 months, alter immunization. This Icm-cr immuno.' 
Senicny of LSA3 peptides in the single -4w«j monbsy studied 
canirast8 mib the high titers induced in mice of various breeds 
and in outbred chimpajixces (3, 3a). It is noteworthy that we 
obtained sbong antibody' responses not only to reperiiive mo- 

nonrepetiuv^ 

of the molecules (e^., LSAI-NR. I^AM^R. and 

Hemaricably, «& of lh« 12 pep- 
tides denved from the fom P^faf6ij>amm pre^iytim>cytic ^ 
capablTof Sdudng either 
proIif^BUon, high gamma interferon. (IFN-y) production or 
more frwjuendy, both mAoius Kmpbocyies (Fie. 1) In 'this 

lecogjiized as a major mechanism of defea-ie against fiver yage 
'"^''^ ^« day 0(prcimmanS. 
ion) and 15 days after the third imrminiiaiion were tested by- 
Jympbo^omeraiion with lO ^ of each peptide p« ,S Z 

rants collected from triplicate w^U, on dav 5 were asse^ed by 

Lti SZ^TKT' ^ ^ ccznbinatbn 3 

aUTi'hiiman IRs^^ monodonal antibodies identified as able to 



react wnh Actus lfK-7. Each of the four LSAl peptides con- 
tained T<eU deiermioams capable of stimulaiine IFN-v pro- 
duction, and three of the four peptides induced a significant 
proliferatp^e response. When tested 210 days posiimmuniza- 
iwn, a strong JymphoprcIifBTation in response to two of the 
fo«T peptides, LSAl^NR and LSAl-REP, ^as sii« detectable 
it^^^ ^^l""^- ^2"^^ ^^ioa of IFN^ in response to 
<ACh of the four LSA3 peptides and T-cell proliferation in 
response to two of the four pepiides. LSA3-NR1 and LSA3. 



Table 2. /\otibody rwponseiC 



li 



LSAl-J 
LSAJ-KR 
LSAJ.REP 
L.<tAi-TER 

LSA3-NRI 

LSA3-itE 
LSA3-Cn 

SaLSA-1 
SALSA-2 

STARP-R 

stakp-m 



100 
2.700 

<m 
10a 

100 

m 
ion 

2.700 



2l(t 

<un 

lino 

<ioo 
100 
100 
inn 

m 



.ctJ^-^^^tT"" "^1"' PO"™n!t.«,n cor. 

S^^^ *^ flp«^«J d-nrily 01 ftni w« ato*« 

5 *^ COmffvriw,. „ns«l b,r««« 0.02 and aiG 

'.Ntftllivi tL I ^uiiAA of IJOfl. ' v. anfl w,ib. 
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wlculuedfromiSUndartcufv* inducted in each bJ«» >iidwiJ*iwi«r»«,i.J,^«7-l!_r 11^-7 ««me«ncntlom were 

» Sift of W, EHiv^ w« tdiwred » a tiul wUain cro^r^^To ,^'**' (^'O sp^oJit cwncu (>fF54 nrom 



RE. This is reminiscent of studies with rodents in which 
CTl/Upo was oipAble o( inducing a T-ctU responw thai could 
oajy be revealed in tenns of produoion (41a). TJ» pres- 
c A?^.*^^ epicopes for Aotus lymphocvtes within both 

SALSA-l and SALSA-2 wa$ shown bv ihe induction of both 
proUferative and IFN-7 responses 10 these peptides. CcUular 
responses were also poshi^e wjifa the 1*0 STARP pepiidow 
They were abo long lasbng, as ihcy remaiiied detectable 210 
<*^^)5P^timmunimtiQn (data not 5ho*n). As was ihs case for 
antibody production, both lymphoproliferation and IFN-r prv 
duttxon were slightly higher uiih the muhicphope peptide 
yiARP-M. nie spedBcity of the abON-e-described response*; 
was ascertained by Ilegat^e resufts recorded for iwo control 
monteys rcKted in parallel, as well as with pieimmunization 
lymphocyte samples from immunized j4on<r monkeys. 

Relevance t* native parasUt pnneins. Synthetic peptides 
may not always properly mimic the conformation of epitopes 
within the whole parasiie protein. This question i of particular 
impomiwe, as ii oan affea firstly ihc protective propenies of 
Ihe immiine responses and secondly the ability of the para.^itc 
to boost It upon challenge, h was ihu* addressed at both the B- 
and T<dl levels. Antibody Hters were determined bv tesitne 
twofold s<^a! dihitions in a -wet'" indJrca fluorcsceni-iniiboA- 
test (IPATj as previously described for sporozoites (15) and 
uang Camry-fixed P. falciparum iK-er schizont sections bt, pre- 
viouily desCTibed for liver stage parasites (l^). 

Antibodies induced in the four immunized monkeys rec- 
ognized the corresponding J*, fatcipamm native proteins ex- 



pressed on the sporozohe surface and/or in liver stage schi- 
2onu (TaWe .tj. in agreement with our ELISA results, anli- 
STARP antibodies were the most itaaiv*. 

Aows sera did not react with P. vivax spoitooites (litcis of 
<V20: data not shown), which do not share any homologous 
protein with the four P, fafctparum antigens studied. The scnmi 
otAoaa monltey M2l, immunized with LSaI peptides, react- 
ed specifically with Kver scftiaom* but. as expeaed not w«h 



Table i. IFAT deienoinailon of srajd-xpecific 
«DiitiydyrcR|>on«:fi' 



Source of 
pepti(»M 



MZl 
M23 
X14 
M4« 



^y'S l>iy2l(\ Or^v iS Day 210 



LSAI 
LSA3 

STARP 



100 
100 

3,:oo 



<20 
100 
100 
3.200 



lori 

100 
<20 
200 



100 
100 

ion 



inft>^ wet, t^t^ ,„ an IFaT, «i 1:20. Eoc!. vib» » the r^im<ii of 

ia*rhi|bwt pbDtire iaitooiy dlmuoa. RabMl tafi-SaPuW mooJxT liC dUutcd 
I -aw »«K em(rf(,-«). « « .1, ELISA. a:, (he tter^ -iniih<i«V*ridd*r«««J litb 

?weur Fr««) d.lvtcrf ti 1/100, So« from li> AiX» nJ^ wlA (tt^Sf " 

.^<f«itv* >r n dibttinn of li3n. 
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oih*r parasite stages, thus oonfirmiiig the stria liver sii^ge tx- 
pression of this molecule (22). 

For technical leasotis. T-cell rctiponses can be assessed onJv 
*ith sporozoiies (the ourput of in viiro and in vivo metho<ls ol 
Liver stage P. falciparum pioduaiQn is loo low). Nevertheless, 
it is interesting that an in vitro challenge with P. faicipanojt 
sporw^ites, hut not with P. vivax fused as a control), could 
induce specific fymphoproliferation and ITN-^ production in 
cells from each of the three animak iromiuiircd with the three 
moleailes expressed at the sporojoite stage, bur not mth 
LSAI, which is exprcsjed only at the liver stage (Tig. 1), In our 
pTevioQii studies with chimpanwes (3a), each animal was ixn- 
muiiircd with L$A3 together with each of the other throe 
molecules, and this impeded the precise determination of 
*hi<4i pre-erythrocytic molecule wa^ responsible for the T-cell 
proliferation observed with sporo:tohe ejnracts. The prxjsent 
results obtained with animals immunized with singk molecules 
indicate that, in addition lo I^A3. both synthetic peptides 
STARP and SAlSA can also induce T-ceU responses specific 
to Mtive T-ceU epitopes on sporozoiies. Thus, the inunune 
responses induced by anificial immunizaiion were stage sne^ 
aftc and relevant lo native proteins. 

Atthough the number of monkeys used in this study was 
^^^la^l, the immune responses obseived confirm ih< high immu- 
nogenicity of our molecules and stress the interest of the li- 
popepiide strategy. In recent years. S) i\thetic lipopeptide tech- 
nology has received more consideration for vaccine delivery (5 
13, 3fi, 49). Ahhouub the design of the experiment does not 
pwmii ittimunogenicity comparisoas between identical pep- 
rides in ndjuvants versus lipopeptides, the present results o*y 
laincd With Aona monkeys suppon previous indkations (3) 
We tested six Jipopepiidcs iRAotus monieys, and, remark- 
ably, all of them were able to induce high T-cclI and/or hu- 
moral responses without an adbuvani. This contrasts *nh an- 
other study in whkh human jmmunodeficiency virus-derived 
lipopepttdcs were injeaed imo macaques and the animals re- 
sponded 10 this formulaiiofi Only when it was mined with in- 
complete Freund's adjuvnnt fi) and is in favor of the immu- 
nogemcity of the pre-erythiiocyiic molecules under study. We 
cannot exclude the possibility that the Montanide adjuvant 
rnjectcd with the peptides into the same animal, albeit at a 
different she, indirectly influenced the immunogenieity of the 
hpopepiides. Howover, it is noteworthy that the strongest im- 
mune responses in out experiments were generated in the 
Aotus monkey immunized with lipopeptides only, and the same 
has been previously observed in mice and diirapanzees (3 3a) 
Indeed, ihc resuhs sound promising ^^faen compared to those 
of other trials performed with Sabmn and Aoru^ monkevs and 
antigeas derived from Pta^modlum organisms at various siages 
of the life cycle. These were done by using different antigen 
forrauJaDons and diflBerent adjuvants and therefore cannot be 
stricdy compared. Nevertheless, it is striking that /vtrong mi- 
ni unc responses were obtained in the above studies onh- with 
powerful adjuvants, the majoriiv of the studies reiving on 
Freuiid s adjuvant (7, 19, 25, 27. 31 41^). Despite rhi-t fact. 
Jll : ?^ ^"^^ developed strong immune ivsponse*. 
44% developed moderate ny^wnses, developed weak re- 
sponses, and 9% did not respond at all (1. 7, 9. 19, 25, 27 12 
33, 4M3). tn contrast, the substantial and long-Iasting re- 
sponses obtained by using lipopeptides without any adjuvant or 
a mixture of pepudes with an adjuvant which can be uMd in 
iiumans compare lavorably -^ith those in previous smdies with 
ine sime animal species, 

1\t Strategy empIo>'ed to idemify both the four anugenj: and 
tfte specific pepUdcs may have particularly favoitd the sttcc- 
uon of more immunogenic molecules (35). The screcnini? pro- 



cess of an im'tial set of 120 done.*: encoding P. falcipanim pre- 
erythrocytic molecules included several steps which invoKed 
the selection of immuaxtorainant B- and T-oell epitope*. Strong 
B-ceU cpii(^& were identified by screening ^-iih human anti- 
bodies obtained ftom different sources: (i) a set of 15 African 
human sera from areas of endemiciiy, (ii) antibodies affinity 
puriAed on each lecombinani protein and tested upon sporo- 
roites and liver stage parasites, and (iii) sera from '>>stim- 
mune'' individuals who had left the area of endemichy several 
yean before to determine if the immune response were Jong 
lasting^ It is our belief thai this strategy favored the selection of 
more conserved andimmunodominam antigens containing not 
only B-cell (Epitopes but alw strong T-he!per epitope.*: a.*:soci- 
ated with them. The T<ell epitopes were seleaed by taking 
advantage of the obscrvaiion that they are Erequenily localized 
in unstable regions close to regularly organized slruciuitjs sus- 
oepu'ble to proteolysb and therefore susceptible 10 being pro- 
cessed and associated with major histocompaubiliiy complex 
molecule.^ (3). Since it has been shown that T-ceU epitopes 
could Overlap and segregate within a relatively small area of a 
giveji molecule (2, 28, 37. 48), the synthesis of medium-size 
peptides (20 to 41 amino acids) was Aosen to increase the 
chance of getting several T-cell eptopes recognized by vwriouB 
class II antigens in one given peptide. 

Wc have found that the immunization of Aotm monkeys 
with the 12 peptides described above corroborated data about 
their antigenicity obtained with individuals exposed to inakria: 
among the 12 peptides, 11 were found to define B-cell epitopes 
in human populations *ith high antibody produaion, and all 
12 defined T-ceU epitopes widi high prevalence to * of the 12 
peptides (4, 12a, 21. 22). Moreover, the vahit of each of the 
four molecules was stipported by the identification of numer- 
ous c>'totro6c T-lymphocyte ephopes (3. 3a, 4, 29). Data ob- 
tained with Aoms monkeys therefore confirm the previous 
indications about the good aniigeoiciiy of these four molecules 
in various fipecies (3, 3a, 4. 6a, i2a. 21. 22) and show that these 
medium-size peptides can associate with major hisiocompati' 
bility complex class 11 antigens of the-4wu.f species as they do 
with those of humans (22). 

So i&T.AoTiif monteys have been u.<ed mainly for assessment 
of the immunogeniciiy and protective efficacy of several blood 
stage antigens (7, «). 10, 27, 32, 42) but not much for pre-eiyth- 
rocytic vaccine development; hence, the reprodudbQity of this 
mode), in parasiiological terms, has yet to be defined. Never- 
theless, preliminary studies conducted with/4on«, Saimiri, and 
Cabu}; monkeyt: have indicated that, iu contrast to blood stage 
parasites, liver schii^gony can be readily obtained with P. fal- 
cipatvm strains without the need for previous adaptation to 
these monkeys (ll. 12, 13a, 14, 16). This, together w-ith the 
good antigenicity and immunogenicny of the pre-erythrocytit^ 
stage molecules described in this paper and the relevance of 
responses to native proteins, suggests VlHAt Aotus monkeys have 
potential for preclinical steps in the development of pre^eryth- 
rocytic-stage malaria vaccine."!, 
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